Importance: Myopia is a major public health concern worldwide, while outdoor time is indicated to be protective against the onset of myopia. Background: To describe the methodology and baseline data of the Shanghai Time Outside to Reduce Myopia (STORM) trial. Design: A 2-year, school-based, prospective, cluster randomized trial. Participants: Children from grade I and II classes of 24 schools from eight districts in Shanghai, China, were randomized to either a control group, a test group I (40-min outdoor time/day) or test group II (80-min outdoor time/day). Methods: At baseline and annual intervals, cycloplegic autorefraction and axial length measurement will be performed. Time outdoors and light exposure will be monitored via parent/carer questionnaires and a wearable device. Main Outcome Measures: Spherical equivalent, prevalence of myopia and time outdoors in each group. Results: A total of 6295 eligible children (age 7.2 AE 0.7 y [6-9 y]) were randomized to control (n = 2037), test group I (n = 2329) and test group II (n = 1929). At baseline, spherical equivalent was +0.98 AE 1.02D, +1.02 AE 1.02D and +1.00 AE 0.99D (P = 0.708), myopia prevalence was 8.9, 7.7 and 7.8% (P = 0.270) and time outdoors was 58. 5 AE 35.8, 59.8 AE 34.7 and 58.5 AE 35.3 min/d (P = 0.886) for control, test groups I and II, respectively. Conclusions and Relevance: Myopia prevalence was high at nearly 8 to 9% in school children aged 7 years in Shanghai, China. The current trial will help evaluate if increased time outdoors has a role to play in reducing the incidence of myopia and/or slow the progression of myopia.
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The high prevalence of myopia in many parts of the world along with the need for correction and management well into adult life has resulted in a substantial burden. In addition, individuals with high myopia are susceptible to vision impairment and complications such as cataracts, glaucoma and myopic retinopathy in adult life. 1, 2 With nearly half of the world's population estimated to have myopia by the year 2050, the indications are for rising burden of myopia. Clearly, either preventing the onset of myopia or reducing progression in already myopic eyes will impact/reduce the burden. Therefore, there is an increasing interest in researching the behaviour of children with respect to their visual environment to determine risk factors and reduce risk for onset and progression. In this respect, improved outdoor time was shown to reduce the incidence of myopia, [4] [5] [6] [7] but its role in slowing progression was not conclusive. 8 Moreover, previous studies explored a limited time outdoors (mostly 40 min) and thus it remains to be explored if a further increase in time outdoors would result in an improved effect.
A recent meta-analysis concluded that an increase of 76 min of outdoor time/d was needed to obtain a 50% reduction in incident myopia based on a non-linear relationship between increased time outdoors and the risk of myopia onset. 8 We therefore commenced a trial with a large population of Chinese children aged 6 to 9 y enrolled in the trial for a 2-year period with an aim to determine and confirm if increased time outdoors reduces the incidence of myopia, to evaluate if there is a dose-response relationship between time outdoors and onset and progression of myopia and to determine if increased time outdoors can slow the myopic shift in refractive error.
| METHODS
The Shanghai Time Outside to Reduce Myopia (STORM) trial is a school-based, prospective, examiner masked, cluster randomized trial conducted in Shanghai, China, in which children aged 6 to 9 years were randomized to either a control group, test group I (40 min outdoor time/d) or test group II (80 min outdoor time/d). The trial protocol was approved by the Shanghai General Hospital Ethics Committee and adhered to the tenets of the Declaration of Helsinki (ClinicalTrials.gov Identifier: NCT02980445). Baseline examinations for the trial were conducted from October to November 2016 with the trial expected to continue until November 2018. Table 1 details the expected effect size and the intended power of the trial. Assuming a power of 85%, a two-sided α of 0.05 gave a sample size of six matched clusters (each cluster including one control, test I and II groups) with 1800 participants per cluster. Considering a participation rate of 90%, loss to follow up of 10%/y and exclusion rate of 5%, the required sample size was eight clusters with 2400 participants per group (total of 7200).
| Intervention, sample size and randomization
The 16 districts (seven urban and nine sub-urban districts) in Shanghai were stratified into two groups based on their geographical location and socio-economic level (Fig. 1) . Then based on the proportion of students in these two stratums (ie, 29% in urban and 71% in sub-urban, 2014 Shanghai statistics), two urban and six sub-urban districts (eight clusters) were randomly selected. Using previously gathered information on ocular health of all students from the 940 government primary schools in these 16 districts, 12 schools with similar prevalence of visual impairment (uncorrected visual acuity in right eye ≤20/25) and myopia (non-cycloplegic spherical equivalent (SE) ≤ −1.00D) in each district were grouped. Three schools were randomly chosen from each selected district and randomly assigned to test I, test II or control groups.
At each school, all children from grades I and II were allocated the same intervention (test group I or II) or no intervention (control). The control group was not assigned any additional time outdoors and continued with their usual patterns of outdoors activity. In comparison, children randomized to test group I were assigned an additional 40-min outdoor time/d (implemented either during the mid-day break or at the end of school day) over their usual outdoor activity. Children randomized to test group II were assigned a total of 80 min outdoor time delivered as: (a) 40 min similar to test group I and (b) 40 min over five recesses.
| Eligibility criteria
Prior to the trial commencement, the trial requirements were explained to both teachers and parents through information evenings held at every school and written informed consent for each child obtained from parent/carer. Also, consent was specifically requested for cycloplegia. Although no child from the selected grades/school were excluded from the trial, data from children with systemic or ocular pathology at baseline, strabismus or amblyopia or those who used any myopia control treatment strategies will not be included in the analysis.
| Implementation and supervision
Time outdoors will be implemented 5 d/wk, 9 mo/y for 2 y. For test group I, the 40-min outdoor time will be at the end of the school day (winter and spring) and during noon (midday) break (summer and autumn). Examiners assessing and collecting the primary outcome variables, that is, SE and axial length will be masked to the group assignment.
Assignment of outdoor time for test group II will follow a similar schedule as test group I for the first 40 min with an additional 40-min outdoor time delivered over five recesses per day during school week. Outdoor time involves outdoor activities (mostly games) developed by the study group having considered the specific needs/requirements for the school. In the event of inclement weather (rain, pollution, fog), activities will be held indoors but without any near based activities. The control group will continue their usual patterns of outdoor/indoor activity.
Administration of time outdoors will be supervised at various levels (school, municipal, district and others) and reported online. Information will include if the outdoor sessions were conducted, attendance rate, content of the activities and reasons for non-attendance.
| Data collection
At baseline, biometric data relating to the child was obtained from school records. Examinations will be conducted at school by a team (Fig. 2 ) at baseline and 6 monthly intervals thereafter.
Tests to be performed at each visit include aided and unaided visual acuity (retro-illuminated ETDRS chart, Guangzhou Xieyi Weishikang, Guangzhou, China, ambient room lighting at 4 m), anterior and posterior segment examination (slit-lamp biomicroscope [66 Vision Tech, Suzhou, China] and direct ophthalmoscope) and a cover test (at 4 m and 33 cm).
Cycloplegic and non-cycloplegic refraction will be conducted using an autorefractor (KR-8900, Topcon, Tokyo, Japan) with three consecutive readings per eye. If any two measurements vary by >0.50 diopters, another set of three consecutive measurements repeated until the variation between two measurements within a set is <0.50D. Cycloplegic refraction will be conducted at baseline and annually thereafter for only those children whose parents consented to cycloplegia. Briefly, the procedure involves an intraocular pressure check (non-contact tonometer-NT-1000; Nidek, Tokyo, Japan) followed by a single drop of 0.5% proparacaine hydrochloride for topical anaesthesia and two drops of 1% cyclopentolate (Cyclogyl; Alcon, Fort Worth, Texas) 5 min apart. Forty minutes after instillation, pupillary size and response to light will be determined and cycloplegia deemed complete for pupils larger than 6 mm with an absent reflex to light. For incomplete dilation, a further drop (third drop) of cycloplegic will be instilled. Non-cycloplegic and subjective refraction will be conducted 6 monthly. Subjective refraction will use autorefraction values used as the starting point. Three consecutive measurements of axial length will be obtained per eye (IOL Master V5.02, Carl Zeiss, Jena, Germany). If the differences of any two measurements is >0.02 mm, the procedure will be repeated.
In addition, annually, the crystalline lens thickness, pupil diameter and corneal diameter of cyclopleged eyes will be measured using a Pentacam (Oculus, Wetzlar, Germany) and choroidal/retinal thickness and optic disc parameters measured using swept-source optical coherence tomography (model DRI OCT-1 Atlantis, Topcon, Tokyo, Japan). If any participants need refractive error correction, spectacles will be provided free of cost (Essilor lenses; Shanghai Essilor Optical Co. Ltd., Shanghai, China). Children with other eye diseases or significant conditions will be referred for further evaluation.
At baseline and following each visit and during school holidays, parents/carers will fill an online questionnaire using the study App providing basic information (age, parental myopia and others), visual environment and activities and myopia treatment if any.
In addition, time spent outdoors by each participant will be gathered through a wrist wearable (watch with a ultraviolet and light two-in-one sensor chip, global positioning system module and a pedometer) that is linked to a processing system and a smart phone display that provides feedback to parents/carers on time outdoors and related activities of their wards. Each child will be required to wear the wearable everyday for specific time periods during the trial.
| Data management
The database (Gaussinfomad, Beijing, China) includes data acquisition, data management and a study App. Data acquisition utilizes real-time data entry with digital devices with in-built logic to import data from the study instruments. The study App allows parents and research staff to access various tools such as exam report, online consultations with examiners, complete questionnaires, review informed consent, upload photos in real time and so on. Data from the wearable device will be on a separate database (Wisdom Software, Beijing, China).
| Data analysis
Baseline statistical analysis was performed using SAS 9.3 (SAS Institute, Cary, North Carolina) and R3.2.0 (Vienna, Austria). Myopia was defined as SE of the worse eye ≤−0.5D. As the inter-eye correlation for ocular parameters is high, only the right eye data was considered for analysis and reporting. Differences between the three study groups were analysed at baseline. The school-level clustering effect was accounted for in the analysis using linear mixed model for continuous variables and logistic regression with robust estimation of variance for binary variables and chi-square for categorical data. Statistical significance was P < 0.05 and post hoc multiple comparisons adjusted using Bonferroni correction. Future analysis of the study data will employ intentionto-treat principles and if there are any discontinuations from the trial, the number and reasons for discontinuations will be catalogued. Attempts will be made to contact those lost to follow up from the study.
| RESULTS
Of the 6967 enrolled participants (Fig. 3) , 58 did not present for examination (transferred out of school or on long-term leave). The remaining 6909 participants (2258, 2549 and 2102 from control, test groups I and II, respectively) were examined and data from 6295 participants included in the analysis and data from remaining 609 participants excluded (strabismus/tropia-60, amblyopia-54, myopia control treatment-59, systemic condition-1, ocular pathology-14 and no cycloplegia-421). Figure 4 details the reasons for 'no cycloplegia'.
| Demographics of participants
There were no differences for any variables such as age, gender and others (P > 0.05; Table 2 ) between the groups (2037, 2329 and 1929 from control, test groups I and II, respectively) except parental myopia that was greater in control group compared to test group I (P < 0.001). Furthermore, parental myopia was associated with time outdoors/d (52.9 AE 33.3, 55.9 AE 33.7 and 63.7 AE 36.4 min/d for children with both parents, one parent and no parent myopic, respectively; P < 0.001) even after adjusting for age and gender. Participants were aged 7.2 AE 0.7, 7.3 AE 0.7 and 7.2 AE 0.7 (P = 0.646) and time outdoors outside of school was 58.5 AE 35.8, 59.8 AE 34.7 and 58.5 AE 35.3 min/d for control, test I and test II groups, respectively (P = 0.886).
| Refractive error profile and myopia prevalence at baseline by group
Myopia prevalence was 8.9, 7.7 and 7.8% (P = 0.270) and SE refractive error was +0.98 AE 1.02D, +1.02 AE 1.02D and +1.00 AE 0.99D (P = 0.540) with 4.2, 4.9 and 4.4% of control, test I and II groups presenting with spectacles (P = 0.708). Similarly, axial length and corneal curvature showed no statistical differences between the groups (Table 3 ; P > 0.05). Figure 5 presents the distributions of SE refractive error and axial length.
| Refractive error profile and myopia prevalence at baseline by age
Myopia prevalence was 3.4% in 6 y olds, 6.0% in 7 y olds and increased to 12.7% in 8 y olds (Table 3 ). At 6 y of age, SE refractive error was +1.26 AE 0.88D with a shift towards FIGURE 3 Reasons for exclusion of the participants FIGURE 4 Reasons for parents/carers not consenting to cycloplegia (number, %) less hyperopia/more myopia at subsequent ages (+1.12 AE 0.93D at 7 y and +0.75 AE 1.10D at 8-9 y of age, P < 0.001). Similarly, axial length showed an increase with age (22.65 AE 0.72 mm at 6 y, 22.81 AE 0.74 mm at 7 y and 23.06 AE 0.76 mm at 8-9 y of age, P < 0.001) but there was no difference in the radius of curvature of cornea with age (43.12 AE 1.39D, 43.13 AE 1.42D and 43.11 AE 1.41D for 6, 7 and 8-9 y, respectively = 0.914). Younger children tended to have more myopic parents (children with at least one myopic parent: at 6 y 60.8%, at 7 y 55.8%, at 8-9 y 53.8%, P < 0.001).
| DISCUSSION
The STORM trial is the largest trial to consider the effect of two doses of increased outdoor time (40 and 80 min over normal time outdoors) on the onset and progression of myopia. At baseline, the balance between groups was satisfactory, indicating that the design and sampling of the trial was reasonable. The baseline information from this cohort shows myopia prevalence doubling with increasing age (approximately 3% in 6 y olds; 6% in 7 y olds and nearly 13% in 8-9 y olds) and highlights the significant burden associated with the condition. If the trial determines that outdoor time is efficacious in controlling the onset and progression of myopia, such an approach would be expected to have significant implications for the way childhood myopia is addressed and managed for current and future generations.
To date, four interventional studies have considered the effect of outdoor time on myopia onset, with relatively small sample sizes (generally <500 per group) with the exception of a study from Guangzhou. [4] [5] [6] [7] The large sample size (6295 participants with a cycloplegia rate of over 93%) of our trial ensures greater conformity with the prevalence of refractive error in Shanghai and in cities with a similar urban structure, socio-economic status and refractive error prevalence and improves confidence in generalizing the results to large populations. Moreover, given the data that efficacy of outdoor time on myopia onset is likely to vary between different age groups, 8 the large sample size of the current trial would facilitate investigation of the effect of age. Forty minutes of outdoor time was chosen based on published data that found that it reduced the rate of incident myopia significantly. 4, 6 We sought to validate the impact of 40-min outdoor time in our population. More importantly, could it be that the dose of 40 min/d outdoors was not sufficient to impact on the progression of myopia? In a much earlier study, Jones et al. reported that total outdoor time >14 h/week (2 h/d) significantly reduced the risk of a child becoming myopic despite parental myopia. 13 Using conser- determined that outdoor time of 11 h/week showed positive effect in reducing myopia progression in both non-myopic and myopic children but only a small sample was considered. 7 Clearly, compliance and adherence to the required dose of outdoor time each day is needed to determine the effect on onset and progression of myopia. Although the trial has a strict schedule for outdoor time, variation in time outdoors between participants and between regions is quite possible. For example, children in a particular school might be forced to spend the time indoors due to rain. Or a child might be absent from school due to illness. Thus to better determine the effect of outdoor time on myopia onset and progression, we are trialling a wearable device for objective gathering of outdoor time and light exposure levels. Additionally, the incorporation of a pedometer in the wearable may indicate outdoor time vs activity and may determine if activity also plays a role. Furthermore, the implementation of the smartphone app facilitates collection of questionnaire data and helps improve compliance through feedback and interaction with parents/carers.
In order to investigate the effect of outdoor time on myopia, possible confounding factors need to be considered and data analysed accordingly. For example, data from any children using myopia control strategies will be excluded from the analysis. If a child requires correction with an optical device, they will be referred and appropriately managed.
There were several limitations with the current study. Firstly, although the estimated sample size was 7200, we had enrolled only 6967 participants. However, the actual cycloplegia rate was higher than the estimated 90% and had reached >93% and therefore we reached sufficient sample size for those enrolled. More relevantly, the current trial enrolled only Chinese children from Shanghai and given the variation in life style and education models from region to region, the results may not be easily extrapolatable to other regions. Thirdly, although the cycloplegia rate was high, some children did not undergo cycloplegia. However, the distribution of age and gender between those with and without cycloplegia in each group were similar (for age and gender in each group, all P > 0.05). Additionally, although key FIGURE 5 Scatter plot for spherical equivalent vs axial length at baseline factors at baseline were not different between the control and test groups, there was an unintended bias with children in the control group having more parental myopia than test groups. Furthermore, parental myopia was associated with children spending less time compared to children with nonmyopic parents. Parental myopia is a known risk factor for onset and progression of myopia and thus requires to be adjusted in future analyses. And finally, since the trial was widely canvassed and espoused the benefits of time outdoors, it may result in an unintended effect on improving the time outdoors across the general population including the control group. However, since the effect is likely to be for the entire population rather than selective groups, it is unlikely to result in a bias with respect to the control group.
| CONCLUSION
In conclusion, data from this trial will not only help to evaluate the effect of increased time outdoors on the myopia onset and progression in Shanghai, but will indicate if the amount of time spent outdoors plays a role. If the results suggest that time outdoors is positive for keeping a check on myopia, such data and the organization model of outdoor activities will contribute to the development and formulation of guidelines for myopia prevention and control in community settings. Furthermore, it is hoped that the trial may provide insights into risk factors such as near work, parental myopia and age for their role in myopia onset and progression.
